APPARATUS AND METHOD FOR MEASURING LOCAL SKIN 
IMPEDANCE USING MULTIPLE ARRAY ELECTRODES 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to the measurement of an electrical 

impedance of a vital component of a human body, such as the skin. More 
particularly, the present invention relates to an apparatus and method for 
measuring a local impedance distribution in human skin using multiple array 
electrodes. 

2. Description of the Related Art 

[0002] A variety of types of information related to a human body can be 

obtained based on a local impedance distribution in the human skin. For 
example, a local impedance distribution has been used for a urea test, a 
blood count test, and a blood coagulation test. In addition, the local 
impedance distribution in the human skin can be used to measure skin 
conductivity to determine an optimal position to which an electrode should be 



attached or to test a blood coagulation status in a blood vessel to diagnose 
myocardial infarction or sclerosis of the arteries. 

[0003] Disadvantages of conventional approaches include difficulty in 

accurately detecting a local impedance distribution and trend in the skin and 
a failure to consider basic contact resistance problems. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides an apparatus and method for 

measuring local skin impedance to accurately determine a position of an 
acupuncture point on the human skin. 

[0005] According to a feature of an embodiment of the present invention, 

there is provided an apparatus for measuring local skin impedance including 
a multi-channel electrode including a plurality of measurement sensors on an 
electrode surface having a predetermined area, a channel selector for 
selecting each of channels included in the multi-channel electrode in 
response to a channel control signal, a constant current source for applying 
a predetermined constant current to a region to be measured, a 
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preprocessing unit for amplifying and filtering a potential value measured at 
each of the channels while the predetermined constant current is flowing 
through the region to be measured, an analog-to-digital converter for 
converting the potential value output from the preprocessing unit into a 
digital signal, and a control unit for generating the channel control signal, for 
processing the digital signal output from the analog-to-digital converter, and 
for controlling the entire apparatus. 
[0006] According to another feature of an embodiment of the present 

invention, there is provided a method of acquiring a local skin impedance, 
including disposing two electrodes of a constant current source centering 
around a region to be measured on a patient's skin to be separated from the 
region to be measured by a predetermined distance and applying a 
predetermined constant current to the skin through the two electrodes for a 
predetermined time period, positioning a multi-channel electrode parallel to 
the region to be measured and adjusting a measurement pressure, and 
applying the predetermined constant current between the two electrodes of 



the constant current source and measuring skin impedance at the region to 
be measured while the predetermined constant current is being applied. 

[0007] According to still another feature of an embodiment of the present 

invention, there is provided a method of measuring local skin impedance, 
including measuring a potential value at each of a plurality of channels 
included in a multi-channel electrode disposed between two electrodes of a 
constant current source for applying a predetermined constant current to a 
patient's skin through the two electrodes, amplifying and filtering the 
potential value at each channel, converting the filtered potential value from 
an analog format into a digital format, and analyzing the potential value in 
the digital format and displaying the results of the analysis in a form of a 
spatial impedance distribution in two and three dimensions. 

[0008] Preferably, the multi-channel electrode includes a plurality of 

measurement sensors arranged in a matrix shape on an electrode surface 
having a predetermined area. 



[0009] Preferably, the measurement pressure is adjusted depending on a 

curvature of the region to be measured during measurement of skin 
impedance. 

[001 0] According to yet another feature of an embodiment of the present 

invention, there is provided a computer readable medium having embodied 
therein a computer program for the methods according to the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[001 1] The above and other features and advantages of the present 

invention will become more apparent to those of ordinary skill in the art by 

describing in detail preferred embodiments thereof with reference to the 

attached drawings in which: 
[0012] FIG. 1 is a schematic diagram of an apparatus for measuring local 

skin impedance, according to an embodiment of the present invention; 
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[0013] FIGS. 2 and 3 illustrate an end view and a side view, respectively, of 

a multi-channel electrode according to an embodiment of the present 
invention; 

[0014] FIG. 4 illustrates an example of a procedure for measuring skin 

impedance using an apparatus for measuring local skin impedance 
according to an embodiment of the present invention; 

[0015] FIG. 5 is a flowchart of a clinical demonstration procedure in which a 

tester measures a patient's skin impedance using an apparatus for 
measuring local skin impedance according to an embodiment of the present 
invention; 

[0016] FIG. 6 is a flowchart of a method of measuring local skin impedance 

using the apparatus shown in FIG. 1; 

[0017] FIG. 7 illustrates various pressures applied to the multi-channel 

electrode when skin impedance is measured using an apparatus for 
measuring local skin impedance according to an embodiment of the present 
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invention, and states of the multi-channel electrode depending on the 
pressures; 

[0018] FIG. 8 illustrates an example in which skin impedance is measured at 

different pressures on the multi-channel electrode using an apparatus for 
measuring local skin impedance according to an embodiment of the present 
invention; 

[001 9] FIGS. 9A-9D illustrate two- and three-dimensional distributions of skin 

impedance at Zusanli when a weak pressure is applied to the multi-channel 

electrode shown in FIG. 8; 
[0020] FIGS. 10A-10D illustrate two- and three-dimensional distributions of 

skin impedance at Zusanli when a medium pressure is applied to the 

multi-channel electrode shown in FIG. 8; 
[0021] FIGS. 11A-11C illustrate two- and three-dimensional distributions of 

skin impedance at Zusanli when a strong pressure is applied to the 

multi-channel electrode shown in FIG. 8; 



[0022] FIG. 12 illustrates an example in which skin impedance is measured 

on a governor vessel using the apparatus shown in FIG. 1; and 

[0023] FIGS. 13A-13C illustrate two- and three-dimensional distributions of 

the skin impedance on the governor vessel, which is acquired using a 
multi-channel electrode shown in FIG. 12. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] Korean Patent Application No. 2002-65185, filed on October 24, 2002, 

and entitled: "Apparatus and Method for Measuring Local Skin Impedance 
Using Multiple Array Electrodes," is incorporated by reference herein in its 
entirety. 

[0025] The present invention will now be described more fully hereinafter 

with reference to the accompanying drawings, in which preferred 
embodiments of the invention are shown. The invention may, however, be 
embodied in different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments are provided so 
that this disclosure will be thorough and complete, and will fully convey the 
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scope of the invention to those skilled in the art. Like reference numerals 
refer to like elements throughout. 

[0026] FIG. 1 is a schematic diagram of an apparatus 100 for measuring 

local skin impedance, according to an embodiment of the present invention. 
Referring to FIG. 1, the apparatus 100 includes a multi-channel electrode 
1 10, a channel selector 120, a constant current source 130, a preprocessing 
unit 140, an analog-to-digital (A/D) converter 150, and a control unit 160. 

[0027] The multi-channel electrode 110 includes a plurality of measurement 

sensors arranged in a matrix shape on an electrode surface having a 
predetermined area and is used to measure skin impedance in a very small 
area (i.e., a local zone). A more detailed description of the structure of the 
multi-channel electrode 1 10 will be described with reference to FIGS. 2 and 
3. 

[0028] FIGS. 2 and 3 illustrate an end view and a side view, respectively, of 

the multi-channel electrode 1 10 according to an embodiment of the present 
invention. Referring to FIGS. 2 and 3, the plurality of measurement sensors 



-10- 

in the multi-channel electrode 1 10 are implemented by leeno pins having a 
height of about 1 mm and are arranged at regular intervals on the electrode 
surface at an end of a cylindrical probe rod having a diameter of about 
10 mm. The leeno pins are measurement sensors manufactured by Leeno 
Industrial Inc. These pins have excellent tension due to a spring and are 
made of a metal conductor so as to be suitable for automation. 
[0029] As shown in the drawings, in order to minimize a patient's pain due to 

a contact pressure during a local skin impedance measurement, the 
measurement sensors have a pin protruding by a short length of about 1 mm. 
A head portion of the multi-channel electrode 1 10 is structured to be easily 
separated from the cylindrical probe rod so that the measurement sensors, 
i.e., leeno pins, can be easily replaced. During a local skin impedance 
measurement, pressure applied to each of the measurement sensors of the 
multi-channel electrode 110 can be uniformly controlled, or can be controlled 
to be different for each measurement sensor, depending on the curvature of 
a measured body part. 



[0030] In FIGS. 1 and 2, the multi-channel electrode 110 includes twenty-five 

(25) measurement sensors arranged in a 5 x 5 matrix and twenty-five (25) 
channels. However, more than twenty-five (25) channels may be included 
in the multi-channel electrode 110. Additionally, a micro-electro-mechanical 
system (MEMS) electrode, instead of the leeno pins, may be used. 

[0031] Referring back to FIG. 1 , the channel selector 120 selects each of the 

channels in response to a channel control signal CH_CTL generated by a 
signal processor 162 included in the control unit 160. The apparatus 100 
sequentially measures a skin potential at each of the channels selected by 
the channel selector 120 until measurement at all of the channels of the 
multi-channel electrode 1 10 is completed. 

[0032] The constant current source 130 supplies a constant current to a body 

part in order to measure the skin potential. A predetermined current output 
from the constant current source 130 is applied to the skin through a positive 
(+) electrode 131, then output to a negative (-) electrode 132, and then flows 
back into the constant current source 130. The positive and negative 
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electrodes 131 and 132 are each attached to a point on the skin. Here, the 
multi-channel electrode 110 measures a skin impedance between the 
positive electrode 131 and the negative electrode 132 between which the 
constant current flows. Since a predetermined current flows in the body 
part, the skin impedance is obtained using a potential value acquired at each 
channel of the multi-channel electrode 110. 
[0033] The preprocessing unit 140 includes a differential amplifier (AMP) 141 

and a filter 142. While the predetermined current flows through a measured 
region due to the operation of the constant current source 130, a potential 
value acquired at each channel of the multi-channel electrode 1 10 is 
amplified by the AMP 141 . The amplified potential value is filtered by the 
filter 142. It is preferable that the AMP 141 has a high Common Mode 
Rejection characteristic and a low noise characteristic, such as, for example, 
an AD620 made by Analog Devices. The filter 142 may be implemented by 
a sixth-order Butterworth filter having a cut-off frequency of 4 Hz or less. A 
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battery (not shown) is used as a power supply source of the preprocessing 
unit 140. 

[0034] The A/D converter 150 receives an analog signal output from the 

preprocessing unit 140 and converts the analog signal into a digital signal so 
that the signal can be processed in a computer. 

[0035] The control unit 160 includes a personal computer (PC) 161 that 

controls the entire apparatus 100, and a signal processor 162, which 
processes a signal acquired from the multi-channel electrode 110 under the 
control of the PC 161. 

[0036] The digital potential value of each channel input from the A/D 

converter 150 is input to the signal processor 162 through the PC 161 . The 
signal processor 162 may use the Laboratory Virtual Instrument Engineering 
Workbench (LabVIEW) software manufactured by the National Instruments 
in order to facilitate connection to the PC 1 61 . The LabVIEW software is an 
analysis software system, which makes it possible to perform a 
measurement generally performed by an instrument such as an oscilloscope 
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using a PC, and expresses the potential values acquired by the 
multi-channel electrode 1 10 as a two- and three-dimensional spatial 
impedance distribution. While the LabVIEW software may be used in the 
signal processor 162, this is just an example and other newly developed 
software or hardware systems can be used in the signal processor 162. 
[0037] As described above, the apparatus 100 for measuring local skin 

impedance according to the present invention measures an electrical 
impedance component induced by the current applied between two points 
131 and 132 on the skin. The apparatus 100 acquires skin impedance 
using the multi-channel electrode 110, which can be applied to a local region, 
and analyzes the acquired skin impedance in diverse ways so that the 
position of each acupuncture point on the human skin can be accurately 
determined. The following description concerns a method of measuring 
skin impedance using the apparatus 100 for measuring local skin impedance, 
according to an embodiment of the present invention. 
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[0038] FIG. 4 illustrates an example of a procedure for acquiring skin 

impedance using the apparatus 100 for measuring local skin impedance. 
Referring to FIG. 4, the positive and negative electrodes 131 and 132 of the 
constant current source 130 are separated by a predetermined distance on 
opposite sides of a measured region at which the multi-channel electrode 
1 10 is placed. Here, the positive electrode 131 is implemented by an 
electrocardiogram (ECG) electrode. The negative electrode 1 32 is 
implemented by a brass electrode so that a patient can hold the negative 
electrode 132 in the patient's hand. When the patient cannot hold the 
negative electrode 132, an electrode having a wide contact surface can be 
used as the negative electrode 132 so as to be attached to a predetermined 
position, as shown in FIG. 8. 

[0039] FIG. 5 is a flowchart of a clinical demonstration procedure in which a 

tester measures a patient's skin impedance using the apparatus 100 for 
measuring local skin impedance, according to an embodiment of the present 
invention. Referring to FIG. 5, in step 510, a region to be measured is 
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marked on the patient's skin. In step 520, the region to be measured is 
cleaned with alcohol soaked cotton to remove foreign substances and to 
maintain a degree of hydration of the skin during the measurement. 

[0040] Subsequently, in step 530, as illustrated in FIG. 4, the two electrodes 

131 and 132 of the constant current source 130 are disposed to be 
separated from the region to be measured by a predetermined distance and 
a constant current is applied to the region to be measured through the two 
electrodes 131 and 132 for a predetermined time period. Next, in step 540, 
the multi-channel electrode 1 10 is placed parallel to the region to be 
measured, and a measurement pressure is adjusted. In operation, a 
pressure applied to the multi-channel electrode 110 during measurement 
exerts a significant influence on a measured value. Accordingly, it is 
necessary to maximize the pressure on the entire surface of the region to be 
measured without causing the patient to experience pain. 

[0041] After the multi-channel electrode 1 10 is set up in step 540, in step 550, 

the constant current is applied between the two electrodes 131 and 132 from 
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the constant current source 130. While the constant current is applied, in 
step 560, a skin impedance is measured, and the result of measurement is 
analyzed, thereby determining the correct position of an acupuncture point. 
The following description concerns the operation of the apparatus 100 for 
measuring a local skin impedance. 
[0042] FIG. 6 is a flowchart of a method of measuring local skin impedance 

using the apparatus 100 shown in FIG. 1. Referring to FIG. 6, in step 610, 
the apparatus 100 sequentially selects the channels of the multi-channel 
electrode 1 10 through the channel selector 120 and then, in step 620, 
measures a potential between each of the selected channel and a reference 
channel. 

[0043] Thereafter, in step 630, the preprocessing unit 140 amplifies the 

measured potential using the AMP 141 and filters the amplified potential 
using the filter 142. Subsequently, in step 640, an analog output of the 
preprocessing unit 140 is input into the A/D converter 150 and is converted 
into a digital signal by the A/D converter 150. In step 650, the digital signal 
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output from the A/D converter 150 is input into and processed by the signal 
processor 162. In step 660, the result of the processing, i.e., a spatial 
distribution of skin impedance, is displayed in two and three dimensions. 
The tester is able to determine the position of an acupuncture point based 
on the results of the processing and is able to analyze the characteristics of 
the acupuncture point. 

[0044] A pressure applied to the multi-channel electrode 110 during the test 

significantly influences the result of measurement. Accordingly, during the 
clinical demonstration using the apparatus 100, three types of pressures, i.e., 
a weak pressure, a medium pressure, and a strong pressure, were applied 
to the multi-channel electrode 110. 

[0045] FIG. 7 illustrates the various pressures applied to the multi-channel 

electrode 110 when a skin impedance is measured using the apparatus 100 
for measuring local skin impedance and states of the multi-channel electrode 
110 depending on the various pressures. Referring to FIG. 7, when a weak 
pressure is applied to the multi-channel electrode 110, the multi-channel 
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electrode 1 1 0 just contacts the skin. When a medium pressure is applied, 
the multi-channel electrode 1 1 0 slightly presses the skin. When a strong 
pressure is applied, the multi-channel electrode 110 maximally presses the 
skin without causing a patient to experience any pain. The following 
description concerns the results of experiments in which each of the 
pressures is applied to the multi-channel electrode 110. 

FIG. 8 illustrates an example in which skin impedance is measured at 
each of the pressures on the multi-channel electrode 110 using the 
apparatus 100 for measuring local skin impedance, according to an 
embodiment of the present invention. Referring to FIG. 8, an acupuncture 
point Zusanli is located in a region that is flatter than the regions where other 
acupuncture points are located. In this situation, since a region to be 
measured is below the knee, it is preferable to use an ECG electrode having 
a large contact portion as the negative electrode 132 of the constant current 
source 130 rather than the brass electrode as shown in FIG. 4. The ECG 
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electrode is attached to be separated from the Zusanli point by a 
predetermined distance and is used as the negative electrode 132. 
[0047] FIGS. 9A-9D illustrate two- and three-dimensional distributions of a 

skin impedance at the Zusanli point when a weak pressure was applied to 
the multi-channel electrode 110 shown in FIG. 8. FIGS. 10A-10D illustrate 
two- and three-dimensional distributions of a skin impedance at the Zusanli 
point when a medium pressure was applied to the multi-channel electrode 
110 shown in FIG. 8. 

[0048] Referring to FIGS. 9A-9D and 10A-10D, when the weak pressure was 

applied to the multi-channel electrode 1 10, a region in which a potential 
difference increases extends in time. This indicates that the multi-channel 
electrode 1 10 was gradually pressed down, and thus the pressure applied to 
the multi-channel electrode 1 10 was gradually increased in time. 
Accordingly, it is apparent that the result of measurement may change 
depending on the pressure applied to the multi-channel electrode 110. 
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[0049] FIGS. 1 1 A-1 1 C illustrate two- and three-dimensional distributions of a 

skin impedance at the Zusanli point when a strong pressure was applied to 
the multi-channel electrode 1 10 shown in FIG. 8. Referring to 
FIGS. 1 1A-1 1C, when the strong pressure was applied to the multi-channel 
electrode 110, the distinct impedance distribution at the acupuncture point 
was similar for several trials, unlike the results of the Zusanli measurement 
shown in FIGS. 9A-9D and 10A-10D. Specifically, when the constant 
current was applied to the measured region, a potential value was lower, i.e., 
a conductibility was higher and a resistance was lower, at the Zusanli 
acupuncture point than at non-acupuncture points around the Zusanli 
acupuncture point. Such a low resistance characteristic of the Zusanli also 
appears at other acupuncture points, for example, a governor vessel. 

[0050] FIG. 12 illustrates an example in which skin impedance is measured 

on the governor vessel using the apparatus 100 shown in FIG. 1 . Referring 
to FIG. 12, it is preferable to use an ECG electrode having a large contact 
portion than using a brass electrode, as the negative electrode 132 among 
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the two electrodes 131 and 132 of the constant current source 130. The 
ECG electrode is attached to be separated from the governor vessel by a 
predetermined distance and is used as the negative electrode 132. 

[0051] FIGS. 13A-13C illustrates two- and three-dimensional distributions of 

a skin impedance on the governor vessel, which is measured through the 
multi-channel electrode 1 1 0 shown in FIG. 1 2. Similar to the results of the 
measurement shown in FIGS. 1 1A-1 1C, the distinct impedance distribution 
at this acupuncture point was similar for several trials. 

[0052] The above-described preferred and exemplary embodiments of the 

present invention may be embodied as computer programs and may also be 
embodied in a general-purpose digital computer for executing the computer 
programs using a computer readable medium. The computer readable 
medium may include storage media, such as, magnetic storage media (e.g., 
ROMs, floppy discs, hard discs, and the like), optically readable media (e.g., 
CD-ROMs, DVDs, and the like), and carrier waves (transmission over the 
Internet). 
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[0053] As described above, an apparatus for measuring local skin 

impedance according to the present invention is able to measure a skin 
impedance distribution at a local region using a multi-channel electrode and 
accurately analyze the measured skin impedance distribution. Accordingly, 
a position of an acupuncture point on a human body can be easily found out 
within a very small error range. In addition, the characteristics of each 
meridian system, i.e., a group of acupuncture points, can be analyzed and 
used in diagnosing and treating human diseases. 

[0054] Preferred embodiments of the present invention have been disclosed 

herein and, although specific terms are employed, they are used and are to 
be interpreted in a generic and descriptive sense only and not for purpose of 
limitation. Accordingly, it will be understood by those of ordinary skill in the 
art that various changes in form and details may be made without departing 
from the spirit and scope of the present invention as set forth in the following 
claims. 



